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METHOD AND DEVICE FOR WELDING WORKPIECES 



The invention relates to a method of welding workpieces according to the 
preamble of Claim 1, and to a device for welding workpieces according to the 
preamble of Claim 12. 

Methods and devices of the type addressed here are known from German 
Patent Document DE 42 19 549 C2. In the case of the known welding methods, a 
gap between the coated workpieces is created diiring the welding process, from 
which gap vapors may escape which occiir dxiring welding. When continuous laser 
irradiation is used for welding the workpieces, the gap is maintained continuously 
during the welding operation, whereas, diaring a pulsed radiation, it is present only 
during the interaction of the laser pulse with the workpieces. For this purpose, at 
least one of the workpieces is caused to carry out vibrations by means of a vibration 
generator. It was foxmd that, in the process, the height of the gap can only be 
adjusted with insufficient precision, which, however, is required when laser welding 
coated workpieces, (however, sufficient precision is required when laser welding 
coated workpieces? translator) because a gap height which is too low may lead to a 
melt ejection and an excessive gap height may lead to an underarching of the seam 
or root, in which case the gap tolerance is relatively low. 



It is an object of the invention to provide a method of the initially mentioned 
type in which the gap height can be reproducibly adjusted with high precision 
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without the requirement that, for this purpose, one of the workpieces has to be 
provided with molding characteristics used as spacers. It is another object of the 
invention to provide a device of the initially mentioned type, by means of which the 
method according to the invention can be implemented. 

For achieving this object, a method with the characteristics of Claim 1 is 
suggested. It provides that at least one of the workpieces to be welded together is 
moved relative to the other workpiece, in order to alternately generate a zero gap 
(gap height equal to zero) and an outgassing gap adjustable in its height for the 
escaping of the gases and vapors occurring during the welding operation. The 
method is distinguished in that the relative movement between the workpieces is 
force-controlled and/or path-controlled. Thus, - differently than in the known 
methods the movement is very controlled, so that the height of the outgassing gap 
can be precisely adjusted, that is, can be adjusted within a small tolerance range. 
As a result, melt ejections, as they occur when the height of the outgassing gap is 
too low, and seam or root imderarching, which frequently occurs when the height of 
the outgassing gap is too large, can be reliably prevented. 

In a preferred embodiment of the method, the force-path control takes place 
in that, for generating the technical zero gap, the relative movement between the 
workpieces is force-controlled, and in that, for generating an outgassing gap of a 
defined height, the relative movement between the workpieces is path controlled. 
Therefore, if din-ing the welding process, only one of the workpieces is moved 
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relative to the other workpiece, in a first step for forming the technical zero gap, 
this workpiece is pressed against the other workpiece, in which case the contact 
pressing force is increased until it reaches a desired adjustable value (F.target). 
Preferably, at least one contact pressure element is used for this purpose which can 
be displaced in the direction of the workpieces and in the opposite direction. The 
force of this contact pressure element exercised upon the workpiece or the 
workpieces is detected by means of sensors and can therefore be precisely adjusted. 
In this phase of the welding process, the path which the contact pressure element 
covers imtil the contact pressure force reaches the desired value (F_target) has no 
influence on the controlling of the relative movement between the workpieces. 

After the technical zero gap has been estabhshed between the workpieces and 
a certain definable time duration has been maintained, in a second step, the contact 
pressure element is withdrawn by a definable or defined distance Az, which 
corresponds to the desired height of the outgassing gap. According to a first 
embodiment, in which the contact pressure element is connected with the workpiece 
directly or by way of at least one transfer element in a force-locking and/or form- 
locking manner, a taking-along of the workpiece interacting with the contact 
pressure element takes place while forming the outgassing gap. According to a 
particularly preferred embodiment, the outgassing gap is produced in that, after the 
contact pressure element was withdrawn, or during the withdrawal of the contact 
pressure element, the workpiece elastically deformed in the first step automatically 
restores/deforms itself as a result of its spring-elastic characteristics. In the 
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process, it places itself against the contact pressure element arranged in the 
withdrawn position. In the second embodiment, it has to be ensured that the path 
by which the contact pressure element is withdrawn from the welding point is only 
so large that the workpiece also springs back so far, so that it comes to rest against 
the contact pressvire element arranged in the withdrawn position. Otherwise, the 
height of the outgassing gap would not be defined. Alternatively, spreading devices 
could be used here which reach iato the gap and are moved apart, whereby the 
workpiece interacting with the contact pressure element is placed against the 
contact pressure element arranged in the withdrawn position. As an alternative, 
suction systems can also ensure the placing against the contact pressure element. 

If only one displaceable contact pressure element is used for - as described 
above - alternately generating a zero gap and an outgassing gap between the 
workpieces, the other workpiece, which does not come directly in contact with the 
contact pressure element, has to be arranged in a fixed position which remains 
almost the same during the welding process. The relative movement between the 
workpieces therefore essentially takes place here by a movement of the workpiece 
interacting with the contact pressure element. 

According to another embodiment of the method, the relative movement 
between the workpieces is only force-controlled. For generating the technical zero 
gap, one of the workpieces is pressed by means of a contact pressure element with a 
defined adjustable contact pressure force (F.target) against the other workpiece. 
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Subsequently, the contact pressiu-e force is reduced to such an extent that the 
desired outgassing gap is adjusted, which in a preferred embodiment takes place in 
that the at least one elastically deformed workpiece is deformed back, thus, 
virtually stands up in the area of the welding point and thereby continues to rest 
against the contact pressure element. 

In another embodiment of the method, at least two displaceable contact 
pressure elements are provided which are arranged at a distance from one another 
and are each assigned to one of the workpieces. The zero gap and the outgassing 
gap can be generated here in that both contact pressure elements are moved toward 
one another or away from one another. Here also, the generating of the zero gap 
takes place by means of the force control of the contact pressure elements and the 
generating of the outgassing gap takes place by the path control of the contact 
pressure elements. As an alternative, it may be provided that, for generating the 
zero gap or the outgassing gap, only one of the two displaceable contact pressure 
elements is displaced relative to the other contact pressure element, while, when 
the respective other gap is generated, both contact pressinre elements are moved 
again. 

An embodiment of the method is particularly preferred in which the 
outgassing gap has a height which is in the range of from 0.1 mm to 1 mm. When 
welding coated workpieces, particularly metal sheets as used in vehicle body 
construction, gap heights in the range of approximately from 0.1 mm to 0.3 mm 
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were found to be particularly preferable. The height of the outgassing gap is 
preferably adjusted as a fimction of at least one parameter, for example, of the 
workpiece material and/or the wofkpiece thickness, if available, the type of coating 
of the workpieces and the hke. 

Fiu-thermore, an embodiment of the method is preferred which is 
characterized in that, for generating a gap between the workpieces to be welded 
together, of which preferably at least one is a sheet metal part, the workpieces are 
placed upon one another in a force-free manner at the welding point, the height of 
the gap being - preferably exclusively - determined by material-caused and/or 
production-caused inaccuracies of the workpieces. In this context, a "force-free 
placing upon one another" of the workpieces means that these are not pressed 
against one another but that only the own weight of the upper workpiece acts upon 
the lower workpiece. It was found that, in the case of two metal sheets placed 
loosely (force-free) upon one another of, in each case, a thickness in the range of 
from approximately 0.7 mm to 1.5 mm, a gap remains which has a height of several 
1/lOths of a millimeter between the metal sheets. In the case of coated sheet metal 
parts, this gap is svifficiently high for letting vapors and gases escape which occvir 
during the welding and which are the result of the evaporation of the coating in the 
area of the welding point. Preferably, at least in the area of the welding point, the 
workpieces have no projections, elevations or the like, used as spacers between the 
workpieces and also do not have to be spaced away from one another by means of 
spacers (spreading devices) in order to generate an outgassing gap. An exact 
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adjustment of the height of the outgassing gap in the above-mentioned manner 
takes place only after first a technical zero gap has been generated at least once 
between the workpieces and the contact pressure element was subsequently 
lifted/withdrawn by a defined path off the welding point or the contact pressure 
force was reduced by a defined value. 

Finally, an embodiment of the method is preferred in which the workpieces to 
be welded together are welded to one another by means of high-energy irradiation. 
The welding methods used here are, for example, laser beam welding, electron beam 
welding or plasma arc welding. Preferably, the welding takes place by means of 
continuous irradiation; that is, the irradiation remains aimed at the welding point 
even after the technical zero gap has been generated between the workpieces. As a 
result of the appUcation of the irradiation when the gap is closed (zero gap), the 
pressure rises in the area of the welding point because of the occmring vapors and 
gases which cannot escape. However, the outgassing gap is generated before melt 
ejections occur. The time duration of how long the zero gap can maximally be 
maintained can be determined, for example, empirically. 

When the tensioning technique is stationary, the tensioning element can also 
first achieve the zero gap and then, in a path controlled manner, the outgassing 
gap. Only then will the high-energy irradiation (laser beam) be switched on and the 
welding will take place. 
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The method according to the invention can particularly advantageously be 
used when welding sheet metal/steel parts having a coating of a low evaporation 
temperature, for example, vehicle body sheet metal parts coated with zinc or with a 
zinc alloy. 

Additional advantageous embodiments of the method are obtained from 
combinations of the characteristics mentioned in the subclaims. 

For achieving this object, a device for welding workpieces is also suggested, 
particularly for the implementation of the method according to one of Claims 1 to 
11, which has the characteristics of Claim 12. It comprises at least one contact 
pressvire element which can be displaced in an oscillating manner and interacts 
with at least one of the workpieces to be welded together, for generating a zero gap 
between the workpieces, and is characterized by a control \anit for the force- 
controlled and/or path-controlled adjusting of the oscillation movement of the 
contact pressvire element diiring the welding process. 

The force by which the contact pressure element is pressed against the 
workpiece and the path by which the contact pressure element is withdrawn at least 
when generating the outgassing gap are detected either by means of one and the 
same sensor or by means of one sensor respectively and transmitted to the control 
wait. 
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Additional advantageous embodiments of the invention are obtained from 
combinations of the characteristics indicated in the subclaims. 

In the following, the invention will be explained in detail by means of the 
drawing. 

Figures lA to IE each are views of a cutout of an embodiment of the device 
according to the invention for welding workpieces, specifically a contact pressure 
element in different positions; 

Figure 2 is a diagram in which the contact pressure force of the contact 
pressure element illustrated in Figure 1 and its path covered during the welding 
process is entered over the time; and 

Figures 3Ato 3E each are a cutout of a second embodiment of the device 
according to the invention for welding workpieces. 

Figures lA to IE each illustrate a cutout of an embodiment of a device 1 for 
welding workpieces 3 and 5, which here are formed by vehicle body sheet metal 
parts, of which at least one is coated, for example, by means of zinc. The workpieces 
3 and 5, which overlap one another in the area of the welding point 6, are aligned 
here parallel to an imagined horizontal line. 
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The device 2 comprises a beaming device, which is not shown, such as a laser 
beam device or an electron beam device, by which high-energy irradiation can be 
directed onto the welding point 6; and a contact pressure device 7, which can be 
moved by means of suitable devices, which are not shown, and in this manner can 
be positioned precisely opposite the welding point 6. By means of the device 1, a 
technical zero gap and an outgassing gap of a defined height can be alternately 
constructed during the welding operation between the workpieces, which wUl be 
explained in detail in the foUowing. The construction and the function of the device 
1 are generally known, so that in the following only individual components and 
their function will be described in detail. 

It should be pointed out that, in the case of the embodiment described in 
Figures lA to IE, the high-energy irradiation is apphed from the direction of a flat 
side of the workpieces to the welding point; that is, the irradiation penetrates at 
least one of the workpieces completely and in the process heats the other workpiece 
situated underneath or above. 

The device 1 can be used for a spot welding of the workpieces 3, 5 as well as 
for producing a weld seam. For this purpose, by means of suitable conveying and 
positioning devices, either the device 1 is guided along or over the workpieces 3, 5 
and/or the workpieces 3, 5 are moved past the device 1. In this case, high-energy 
irradiation, for example, a laser beam, can be stationarily arranged relative to the 
device 1 or can be moved along by means of an additional device not illustrated. In 
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the case of the method described in the following, it is assumed that a weld seam is 
produced by means of the device 1, which means that, for this purpose, the device 1 
is moved along the weld seam by means of the conveying and positioning devices, 
which are not shown. 

In the embodiment illustrated in Figures lA to IE, the contact pressure 
device 7 has a contact pressure element 9 interacting with the upper workpiece 3, 
which contact press\ire element 9 is formed here by a contact pressure roller. This 
contact pressure element 9 is coupled with a guiding part 11 which is displaceably 
disposed in a receiving part 13. The contact pressure element 9 is therefore linearly 
displaceable with respect to the receiving part 13 in the direction of the workpiece 3 
and in the opposite direction, as indicated in Figure lA by a double arrow 15. Here, 
the displacing direction 15 of the contact pressure element 9 extends perpendicular 
to the exterior side of the workpiece 3. 

The contact pressure device 7 also comprises a counterelement which is only 
outlined in Figxire IB by means of a broken line and which is arranged opposite and 
at a distance from the contact pressure element 9. The coimterelement 17, which 
interacts with the lower workpiece 5 during the welding operation, can be 
stationarily fixed with respect to the receiving part 13 and, during the contact 
pressing of the upper workpiece 3 onto the lower workpiece 5, has the purpose of 
preventing a yielding or deforming of the latter in the area of the welding point. 
The receiving part 13 and the coxmterelement 17 may, for example, be rigidly 
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coupled with one another and have a uniform mutual spacing. If the lower 
workpiece 5 has a sufficiently stiff construction, the counterelement 17 can possibly 
be ehminated. 

For producing the weld seam during the welding operation, the receiving part 
13, together with the contact pressure element 9 arranged on it, are moved jointly 
with the coimterelement 17 along the weld seam, as indicated by an arrow 18 in 
Figvires lA to IE. In this case, the contact pressxire element 9 is displaced by 
means of the guiding part 11 relative to the coimterelement 17, which will be 
discussed in detail in the following. 

The device 1 finally also has a control unit, which is not shown, for the force- 
controlled and/or path-controlled adjustment of the oscUlation movement of the 
contact pressure element 9 during the welding process. 

In the following, the method according to the invention will be described in 
detail by means of a welding operation, illustrated in Figures lA to IE, during 
which the oscillation movement of the contact pressure element 9 is alternately 
force-controUed and path-controlled. In Figtire 2, the temporal course of the force, 
which is applied by means of the contact pressure element 9 to the upper workpiece 
3, is indicated by means of a line 19, and the temporal course of the path which the 
contact pressure element 9 covers relative to the receiving part 13, is indicated by 
means of a line 21. Diiring the welding operation, the welding point will be acted 
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upon by pulsed irradiation or preferably by continuous irradiation, whereby the 
workpieces 3, 5 are caused to melt in the area of the welding point. 

Figure lA shows a starting position A, in which the workpieces 3, 5 are 
arranged in the clearance between the contact pressure element 9 and the 
counterelement 17. The lower workpiece 5 rests against the covinterelement 17 and 
is supported by the latter. The upper workpiece 3 is deposited on the lower 
workpiece in a force-free manner; that is, it is not pressed onto it, so that only its 
own weight acts upon the lower workpiece 5. Because of the thickness of the 
workpieces 3, 5, which is only very small at least in the area of the welding point 
and, in the case of vehicle body metal sheets, is normally in the range of between 
0.70 mm and 1.50 mm, when the metal sheets are placed upon one another, a gap 
So, whose height may amoimt to several 1/lOths of a milUmeter, is formed as a 
resvilt of material-caused or manufacturing-caused inaccviracies. In Figure 2, the 
starting position illustrated in Figure lA is marked "A". It is clearly visible that, 
although the contact pressure element 9 is already in contact with the upper 
workpiece 3, it does not act upon it by a force. 

The welding process is started from the starting position A (Figure 1 A) at the 
time to. First a technical zero gap is generated between the workpieces 3, 5 in that 
the contact pressure element 9 is displaced downward in the vertical direction imtU 
there is no longer a gap between the workpieces 3, 5 and workpiece 3 in the area of 
the welding point rests flatly against the workpiece 5 supported by the 
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counterelement 17, as iUustrated in Figure IB. Even now the welding point can be 
acted upon by the high-energy irradiation. In this phase of the welding operation, 
the displacement of the contact pressure element 9 is exclusively force-controlled; 
that is, the contact pressiire force exercised by the contact pressure element 9 upon 
the upper workpiece 3 is increased imtil it is so large at the time ti that the 
workpieces rest flatly against one another in the area of the welding point and the 
displacement movement of the contact pressvire element 9 is therefore almost 
concluded. This point is marked "B" in Figure 2. 

In the next step, the contact pressxire force is now increased further until it 
reaches a defined value F.target, which takes place at the time t2. This point of the 
force control is marked "C" in Figure 2. 

The contact pressure force F.target will then be maintained for an adjustable 
period of time (t3-t2) to the point in time ta. During this time, the workpieces 3, 5 
are heated to such an extent that their coatings start to evaporate. As a result of 
the fact that no gap, thus a zero gap, exists between the workpieces 5,3, the forming 
vapors cannot escape and the pressvire begins to rise. The time duration in which a 
zero gap exists between the workpieces is adjusted such that the vapor pressure is 
not high enough for a melt ejection to take place. 



In the next step, by means of path control, a defined outgassing gap Sa is now 
generated between the workpieces 3, 5, so that the gases and vapors occurring 
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during the welding operation can escape. This takes place by the path control of the 
contact pressvire element 9 which is withdrawn by a defined path Az; that is, its 
distance from the counterelement 17 is enlarged by the path Az. The withdrawal 
takes place by a displacement of the contact pressxure element 9 in the vertical 
direction upward into the position iUustrated in Figure IC. During the withdrawal 
of the contact pressure element 9, the outgassing gap Sa is formed in that the upper 
workpiece 3 elastically deformed when pressed against the lower workpiece 5 is now 
deformed back as a result of its spring-elastic characteristics, in which case it 
continues to rest against the contact pressure element 9, as illustrated in Figure IC. 
At the point in time t4, the outgassing gap Sa is produced whose height is as large 
as the path Az by which the contact pressvire element 9 was withdrawn. This point 
is marked "D" in Figure 2. Figxu-e 2 shows clearly that, as a result of the 
withdrawal of the contact pressure element 9, also the force exercised on the upper 
workpiece 2 is reduced to a correspondingly lower value which in a preferred 
embodiment is greater than zero. This means that the contact pressure element 9 
is not hfted off the upper workpiece 3, whereby an outgassing gap would form which 
has an undefined height. Thus, the upper workpiece 3 continues to be acted upon 
by a force which is clearly lower than the target force F.target when the outgassing 
gap Sa has been generated. 

After the outgassing gap Sa has been maintained for an adjustable time 
dxiration (t5-t4) to the point in time ts, a zero gap is generated again. For this 
purpose, the displacement of the contact pressure element 9 is again force- 
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controUed. The contact pressure element 9 is vertically displaced downward so far 
that the upper workpiece 3 is pressed flatly against the lower workpiece 5, which 
takes place at the point in time te, which is marked "E" in Figure 2 (Figure ID). 
Then the contact pressure force is increased further until it reaches the defined 
target value F.target at the point in time t?. This operating point is marked "F" in 
Figure 2. The contact pressure force F_target is maintained to the point in time ts. 
Then, for the repeated generating of the outgassing gap Sa, the contact pressure 
element 9 is withdrawn/displaced by the path Az into the position illustrated in 
Figvire IE while forming the outgassing gap Sa. The outgassing gap Sa has been 
generated at the point in time tg. 

It can be defined how often during a welding process an outgassing gap Sa 
and a zero gap are produced. This can, for example, be a function of the type of 
coating, the thickness of the workpieces and the like. 

As described above, the contact pressiu-e device 7 (receiving part 13, contact 
pressure element 9, counterelement 17) is moved along the weld seam during the 
welding operation; that is, the osciUation movement of the contact pressure element 
9 is superimposed on the translatory movement of the contact pressure device 7. 

The method described by means of Figures lA to 2 has the special advantage 
that an outgassing gap Sa can be generated which has a defined reproducible 
height. In this context, it should be pointed out that the displacement of the contact 
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pressure element 9 is path-controlled for generating the outgassing gap Sa and is 
force-controlled for generating the zero gap. 

The above-described mode of controlling the oscillation movement of the 
contact pressxire element 9 has the advantage that, also in the case of an 
unintended position change of the second workpiece 5 or of the counterelement 17 
and/or of the receiving part 13 holding the contact pressure element 9 during the 
welding process, which may occiir, for example, as a result of an undesired 
movement of a robot holding the receiving part 13 or the counterelement 17, an 
outgassing gap Sa with the desired height can nevertheless again be generated after 
the zero gap was produced beforehand. In this regard, reference is made to Figure 2 
which shows that, after the outgassing gap Sa was generated the first time, for 
generating the zero gap at the point in time te, the contact pressure element 9 was 
displaced by a distance which is greater than the path Az by which the contact 
pressure element 9 had previously been withdrawn in order to generate the defined 
outgassing gap Sa for the first time. 

It sho\ald be pointed out that, after the zero gap has been estabhshed for the 
first time (point in time ti), the upper workpiece 3 is acted upon by force by means 
of the contact pressure element 9 during the entire further welding operation. In 
other words, the oscillation movement of the contact pressure element 9 with a low 
amplitude is superimposed on the contact pressiu-e force such that the contact 
pressure force cannot fall to zero. 

17 



Atty. Docket No.: 095309.55491US 

PCT/EP03/02848 
English Translation 

The method according to the iavention can, for example, also be used for 
welding high-strength and super-high-strength materials. Because of the high 
quahty of the produced weld seams, the dimensional accxiracy of the component 
formed of the welded-together workpieces and thus its quality can be improved. 
The method can be used particularly advantageously in the vehicle body shell 
construction for welding together coated steel or aluminum parts. 

If the workpiece 5 illustrated in Figures lA to IE has sufficient stiffness, the 
coimterelement 17 can be eliminated. It is important that, during the contact 
pressing of the upper workpiece 3 by means of the contact pressure element 9, the 
lower workpiece 5 does not yield or is not deflected at all or only to a harmless 
extent. Should the workpiece 5 move during the welding operation, when 
generating the zero gap, the contact pressure element is simply, by means of the 
force control, guided correspondingly far or, when the distance is reduced, is 
displaced less far until the contact pressure force has reached its value F.target. 

If the coimterelement 17 can be eUminated during the welding, only a one- 
sided accessibiUty of the welding point is reqxiired, specifically from the side of the 
contact pressiu-e element 9. This results in more freedoms for the component 
design. In addition, the construction of the device 1 can be simplified and thus its 
cost can possibly be reduced. 
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In a preferred embodiment of the device 1, it is provided that the high-energy 
radiation is appKed to the welding point from the side on which the contact pressure 
element 9 is also situated. 

Figures 3A to BE show another embodiment of the device 1 in different 
operating positions. Identical parts are provided with the same reference numbers, 
so that, in this regard, reference is made to the description of the preceding figures. 
The contact pressure device 7 has a first contact pressure element 9A and a second 
contact pressure element 9B which both interact successively with the upper 
workpiece 3. The contact pressure elements 9A, 9B, each constructed here as a 
contact pressure pin, are arranged on a common guiding part 11 which is 
displaceably disposed in a receiving part 13. The contact pressure element 9A is 
movably arranged on the guiding part 11, while the second contact pressxire 
element 9B is rigidly, thus in an immobile manner, mounted on the guiding part 11. 
The first contact pressure element 9Ais connected with a piston 25 which is guided 
in a recess 23 and has a piston rod 27 on its side facing away from the contact 
pressvire element 9A, which piston rod 27, in turn, is guided in a passage opening 29 
in the guiding part 11. 

In Figure 3 A, the piston 25 has moved into a lower end/stop position, in 
which it rests on a stop element 33 arranged at the bottom 31 of the recess 23. In 
this position - viewed in the direction of the contact pressvire force which will act 
upon the workpieces at a later point in time - the first contact pressin-e element 9A 
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is arranged by the measurement Az in front of the second contact pressxxre element 
9B. As illustrated in Figure 3A, the contact pressure element 9A projects precisely 
by the extent Az farther beyond the face of the guiding part 11 facing the workpieces 
3, 5 than the contact pressure element 9B. 

By means of the device 1 illustrated in Figures 3A to 3E, the relative 
movement between the workpieces 3, 5 can be force-controlled during the welding 
operation, which will be explained in detail in the following. 

Figure 3A shows a starting position in which the workpieces 3, 5 are placed 
on one another in a force-free manner. As a result, as described above, an 
imdefined gap So of a height of up to several 1/lOths of a milhmeter is formed 
between the workpieces 3, 5. The receiving part 13 is situated opposite the first 
workpiece 3. The first contact pressure element 9A is displaced into its end position 
in which - viewed in the direction of the workpieces 3, 5 - it projects by the extent Az 
beyond the second contact pressure element 9B. In the case of the fixed receiving 
part 13, for generating the technical zero gap, the guiding part 11 is moved out of 
the receiving part 13 imtU the first contact pressure element 9A abuts the upper 
workpiece 3 and presses the latter with a defined force onto the lower workpiece 
(Figure 3b). The guiding part 11 is now held in this position, while the first contact 
pressure element 9A, as a result of a displacement of the piston 25, is moved in the 
vertical direction upward away from the workpiece 3. Because of its spring-elastic 
restoring forces, the workpiece 3 places itself on the second contact pressure 
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element 9B, whereby the outgassing gap Sa is formed (Figxire 3C). The height of 
the outgassing gap Sa is exactly equally large as the distance Az which the contact 
pressure elements 9A, 9B have from one another when the contact pressure element 
9A is displaced in the end position (Figiu-e 3A). 

Before now a technical zero gap is agaia generated between the workpieces 3, 
5, first the second contact pressvire element 9B is lifted off the workpiece 3, which 
takes place by a displacement of the guiding part 11 (Figvire 3D). In this case, an 
undefined gap So forms again between the workpieces 3, 5, which is larger than the 
outgassing gap Sa. Finally, as illustrated in Figure 3E, the first contact pressure 
element 9A is again moved in front of the second contact pressure element 9B in 
that the piston 25 is moved against the stop element 33. Now the steps describes by 
means of Figures 3A to 3D are carried out again. How often a defined outgassing 
gap Sa is produced during the welding operation can be defined and is selected, for 
example, as a fimction of the workpiece thicknesses, of the material and the hke. 

It shoxild be pointed out that, because of the mechanical coupling of the two 
contact pressure elements 9A, 9B, a force control of the oscillation movement is 
sufficient for estabhshing a desired outgassing gap Sa, in which case the force 
control is also only used for generating the technical zero gap, while the subsequent 
forming of the outgassing gap Sa is implemented exclusively by the mechanical 
coupling of the two contact pressure elements 9A, 9B. 
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The embodiments of the device 1 described by means of the figures have in 
common that, duriag the weldiag operation, an outgassing gap SA with an 
adjustable gap height and high precision can be reproducibly adjusted without the 
requirement that, for this purpose, one of the workpieces has to be provided with 
molding characteristics serving as spacers. 
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